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Abstract 

Comparing the theoretically predicted and measured values of the mass difference 
of the system, we estimate the lower bound on the mass of the Z' boson of models 
based on the SU{3)c <8> SU{3)l U{l)x gauge group. By assuming zero-texture ap- 
proaches of the quark mass matrices, we find the ratio of the measured value to the 
theoretical prediction from the Standard Model and the Z' contribution from the 331 
models of the mass difference of the system. We find lower bounds on the Z' mass 
ranging between 1 TeV and 30 TeV for the two most popular 331 models, and four 
different zero-textures ansatze. The above results are expressed as a function of the 
weak angle associated to the b — s — Z' couplings. 

1 Introduction 

Although the Standard Model (SM) [1] is considered as an effective low energy theory that 
should be embedded into a more fundamental theory, many of the SM predictions have been 
successfully tested by precision measurements. The latter impose strong restrictions to new 
physics contributions associated to any extension of the SM [2j. Thus, small deviations 
between the experimental data and the SM predictions allow to set stringent limits on new 
physics from a more fundamental theory that contains new types of matter and interactions 
at the TeV scale. It will be explored with the new generation of accelerators and detectors 
like the forthcoming Large Hadron Collider (LHC) [3]. Among the possible extensions of the 
SM, the models with gauge symmetry SU{3)c ® SU{3)l ® U{l)x, also called 3-3-1 models 
[H [5], arise as an interesting alternative with new physics content and some motivating 
features. First of all, from the cancellation of chiral anomalies [6] and asymptotic freedom in 
QCD, the 3-3-1 models can explain why there are three fermion families. Secondly, since the 
third family is treated under a different representation, the large mass difference between the 
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heaviest quark family and the two hghter ones may be understood [7]. Thirdly, the models 
have a scalar content similar to the two Higgs doublet model (2HDM), which allow to 
predict the quantization of electric charge and the vectorial character of the electromagnetic 
interactions [SI [9]. Also, these models contain a natural Peccei-Quinn symmetry , necessary 
to solve the strong-CP problem [TUIIII]. Finally, the model introduces new types of matter 
relevant to the next generations of colliders at the TeV energy scales, which do not spoil the 
low energy limits at the electroweak scale. 

In the SM, the Flavor Changing Neutral Currents (FCNC) are strongly suppresed with 
respect to the charged-current weak interactions, which follows from the experimental data 
on neutral meson decays and the mass difference in meson systems exhibiting particle- 
antiparticle mixing |T2|. In particular, some extensions of the SM produce new FCNC 
contributions at tree level, as for example some models with an extra neutral Z' boson, 
which represents an stringent limit for new physics. Although not all models with new neu- 
tral Z' bosons exhibit additional FCNC contributions [I3], many interesting ones contain 
FCNC effects at tree level [Hlll5[|T6]. In 3-3-1 models, the contributions in meson systems 
have been considered before [T7] in — K^, and — systems, which induce the flavor 
changing transitions s ^ d and b ^ d, respectively, while no information other than a lower 
bound associated to the b s transition was available for the 5° — 5° system. However, 
the b — s sector was recently confirmed in the Bg mixing by both CDF and [18| : 



CDF : AM, = 17.33^[j:^? ps-\ 
D^: AM, = 19.0 ± 1.215 ps" 



Ref. [in] use the following averages 



AMf P = 17.46l|]:f ps-\ 

AMf*^ = 19.52 ± 5.28 ps~\ (1) 

for the experimental and SM prediction, respectively. Since the study of B physics has been 
an important tool to extract information on CP violation and new physics [19], we will use 
the above data for the mass difference of the Bg system to explore the FCNC contribution 
induced by the Z' boson in the two most popular 3-3-1 models. However, since FCNC 
contribution in these models are very sensitive to the rotations of the fermionic spectrum 
to mass eigenstates, it is neccesary to implement some criterion to fix the values of the 
components of the rotation matrices, and to get numerical predictions on the meson mass 
diference. In contrast to other studies in D^, and B*^ systems [T7], we will consider various 
cases for the rotation matrix, including the texture-zero approches, where an ansatz on the 
texture of the femion mass matrices is adopted in agreement with the measured masses 
and mixing angles of the Cabibbo-Kobayashi-Maskawa matrix. An additional motivation to 
study the Bg system comes from the fact that the b — s sector induces the maximum flavor- 
changing contribution, as will be confirmed in this work. This offers a good opportunity to 
extract information on new physics at low energy. 
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Eq. ([T]) shows good agreement between the experimental data and the SM one-loop 
prediction of AM^, however, due to the hadronic parameters, the SM prediction contains 
a large uncertainty which we use to find allowed regions for the mass of the Z' boson and 
the weak angle associated to the b — s — Z' coupling by assuming four specific forms in the 
rotation matrix of the quark mass. 



2 The 331 spectrum 

The fermionic structure is shown in Tab. [T] where all leptons transform as (3, X^) and (1, X^) 
under the {SU{3)l, U{1)x) sector, with X|' and (Xf ) the U{l)x generators associated with 
the left- and right-handed leptons, respectively; while the quarks transform as (3*,X^ ^), 
(1,X^J for the first two families, and (3,Xgg), (1,X^) for the third family, each one with 
its U{l)x values for the left- and right-handed quarks. The quantum numbers X^ for each 
representation are given in the third column from Tab. [H where the electric charge is defined 

by 

Q = n + l3Ts + XI, (2) 

with T3 = l/2diag(l,-l,0), Tg = (l/2v^)diag(l, 1, -2) and (3 = -l/VS and -^^3, where 
the first case contains the Foot-Long- Truan model (FLT) ^20j and the second contains the 
Pisano-Pleitez-Frampton model (PPF) [U [5] . 

For the scalar sector, we introduce the triplet field x with vacuum expectation value 
(VEV) (x)^ = (0, 0, u^), which provides the masses of the third fermionic components. In the 
second transition, it is necessary to introduce two triplets p and r] with VEV (p) = (0, z/p, 0) 
and (77)^ = (z/^, 0, 0), in order to give masses to the quarks of up- and down-type, respectively 

m- 

In the gauge boson spectrum associated with the group SU{3)l ® U{l)x, we are just 
interested in the physical neutral sector that corresponds to the photon, Z, and Z', which 
are written in terms of the electroweak basis for /3 = —l/Vs and — as [22] 

= SwW; + Cw [pTwWl + P^T^B^^ , 
= CwWl - Sw [fiTwWl + y/f - (3^T^B^ , 



= -sJl-(3^T^Wl + f3TwB,, (3) 

where the Weinberg angle is defined as [22] 

Sw = sinOw = , . „ (4) 

and gi, gx correspond to the coupling constants of the groups SU{3)l and U{l)x, respec- 
tively. 
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Table 1: Fermionic content for three generations with (5 — — 1/-\/3, — -\/3 . We take m* — 1,2 
and j = 1,2,3 
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3 Neutral Couplings 

Using the fermionic content in weak eigenstates from Tab. [T|, we obtain the neutral couphng 
for the SM quarks [22] 



r-NC _ 9L 



w 



(5) 



where Q'^ : = {u,c,t)'^, = (rf, for up- and down-type quarks, respectively. The 
vector and axial- vector couplings of the Z boson are 



1 



— — 2Q£ioS^, 



a": 



1 



(6) 



with Qu^^D^ the electric charge of each quark given by Tab. [11 while the corresponding 
couplings to Z' are given by 



-DO 



gxQ 



w 



gxCw 
2gLTw IVS 



^ (^dtag (1, 1, -1) + ± 2Quo(3T, 



.V3 

4= (diag (1, 1, -1) + ^ ) ± 2Qz)o/3% 



(7) 



which are written for /3 = —1/^/3 and — v^- In particular, for the Z' coupling in the neutral 
Lagrangian in Eq. ([5|), we can write 



gL 



2C, 



w 



(8) 



where e^^ = (l/2)((7^° ± g^"), and Pl^r = (1/2)(1 =i= 75) the chiral projectors. Using the 
neutral Z'-couplings from Eq. ([Tj) , the new chiral couplings ^ are written as follows 



gxQ 



w 



2gLTw 
gxCw 



1 

73 



diag{l, 1, -1) + -f3T'^ 



giT] 



w 



[Quo,DoPT^] ■ 



(9) 



On the other hand, we will consider linear combinations among the three families of 
quarks to obtain couphngs in mass eigenstates 

Q° = RqQ, (10) 

where Q : U = {u,c,t),D = {d,s,b) denotes the quarks in mass eigensates, in weak 
eigensates and Rq the rotation matrix that diagonalize the Yukawa mass terms. Thus, we 
can write the Eq. ([8]) as 
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9l 



2a 



w 



QY(B'iPL + B'iPR]QZ' 



where the chiral couphngs in mass eigenstates are defined as 



B 



L,R 



Rc 



'.m 



Because of the fact that in Eq. ([9]) is family independent, the right-handed couphngs 
remain fiavor-diagonal in the mass eigenbasis, such that = . However, due to the 
diag{l,l, —1) term from Eq. Qj (family dependent couphngs), we obtain non-diagonal 
components in the left-handed couplings B'^ in Eq. (fT2l) . which is sensitive to the form of 
the rotation matrix Rq. In order to have a predictive model, we adopt a different ansatz on 
the texture of the quark mass matrices in agreement with the six quark physical masses and 
the four physical parameters of the CKM matrix. The SU{3)l ® U{l)x Lagrangian for the 
Yukawa interaction between quarks is 



-C 



Yuk 



m=l 

[rf + rf r/[/° + Tl\j',j,] + h.c, 



(13) 



with rj and p being the two scalar triplets neccesary to give masses to the SM fermion 
spectrum from Table [Tj and x the scalar triplet that gives masses to the new extra fermions 
•^1,2,35 -^1,2,3, as explained in Sec. 2. Thus, we are not interested in the couplings of x- T^'^ 
are the Yukawa interaction matrices. Taking into account only the SU{2)l sector (which 
lies in the two upper components of each scalar triplet), and omitting the couplings of x, 
the mass eigenstates of the scalar sector can be written as [22j 



H 



/3, 



h^ 



-hi T th'i 



pCf} + r]*Sf3, 



(14) 



where rj* denotes the conjugate representation of r], tan/? = Up/ur] and z/ = ^/z/^ + u^. Thus, 
after some algebraic manipulation, the neutral couplings of the Yukawa Lagrangian can be 
written as 



-C 



(0) 



Yuk 



hlT^<l>^ 



V 



+ [do (r^o) D\^ul (r^/o) f/oj {hi ± z/i?) + h.c, 

where the fermion masses and Yukawa coupling matrices are given by 

= vi^xCfiW^Sfi) and TgO = ri^/j - r2C/3, 



(15) 



(16) 
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where Fi = and F2 = Fp. The Lagrangian from Eq. ( |T5i) is equivalent to the two-Higgs- 



doublet model (2HDM) Lagrangian [23], which exhibits FCNC due to the non-diagonal 
components of F. In the literature, there are various approches on the zero-textures of the 
quark mass matrices MgO from Eq. (fT6l) . where the most popular are listed as follows 



® Fritzsch ansatz : In the basis U'^(D^) 
ces in the Fritzsch ansatz are defined as [2^J 



\dP) , c'^ (s^) , (W)) the quark mass matri- 



MqO 






1^,1 










\F, 





\F,\ 





(17) 



with \C„ 



■'q\ ~ ""^t.ft, \Fq\ ~ femc^s and \Dq\ ^ y/'mu,dnT'c,s, where corresponds to the 
physical mass of the quarks. The above ansatz is diagonalized by the following rotation 
matrices for both the up- and down-type quarks 



Rn 



( 



\ 



•mt,b 



mc,s 
mt.b 



® Matsuda-Nishihura ansatz : This texture takes the same form as Eq. ( JT71) . but with 
\Bq\ = mc,s in the (2,2) component of the mass matrix [25]. This form have the following 
rotation matrices 



R„ 



u.d 



mc,s 



mt.b 



\ 



d 

u,d 



m^,d 
mt.b 



(19) 



The above ansatz was reconsidered by the authors in ref. [26], where the parameter Cq 
in the (3, 3) component is taken as a free parameter. In particular, they define the ratio 
= Cq/mt h, such that the experimental values of the CKM matrix are derived by fine 
tuning of the parameter Xq. Thus, the non-zero components of the mass matrix takes the 
form \Dq\ = \/m,c,sfnu,d/xq in the (1,2) components, \Bq\ = mt^b(l — Xq) + m^s — m^^^ in 
the (2,2) component, and \Fq\ = {mt^bXq + mu^a) {T^t,bXq — m^s) (1 — Xq) / Xq in the (2,3) 
components, where the hierarchy m^^s <^ < mt^b is required. The rotation matrix is 



Rn 



( 



\ 



1 



c,smu,d('^-Xq) ^ 



I Xn 



''u,d I 



Xn 



Xn 



(20) 



The authors in ref. [26] obtain the values Xu = 0.9560 and Xd = 0.9477. 
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(D Matsuda ansatz : Another consistent possibility is to consider different texture as- 
signment for the up- and down-type quarks, as follows [271 [2H] 















\F, 


) 











(21) 



with \Bu\ = {rrit + rric — m^jl^ \Fu 

up sector, while for the down sector the structure is |-Bd 
mrf)/2 and 



mu)/'2 and \Du\ ~ \Jmtmu/'2 for the 
(mb + rris - m^jl, \Fd\ = 



^ymsmd/2. The above textures are diagonalized by [2H] 



u 



( 

v 







1 



V2 V2 V2 

s' 1 c' 

V2 V2 V2 / 



where 



R 



D 



C 







1 



V2 V2 V2 
s c 1 

V2 V2 



(22) 



md + ms 



mt + niu' 



rud + rus 



mt + ITLu 



(23) 



4 — mixing constraints 



The left-handed coupling in Eq. (1121) contains non-diagonal components, which induce mix- 
ing between the neutral Z' boson and quarks from different families. This will produce new 
physics contributions to the mass difference in neutral meson systems as for example in 
Kaons — K^, Bottom — and Bottom-strange B^ — B^ mesons, each one induced 
by the s — d, d — b and s — b transition, respectively. In particular, we take the most recent 
data of the B^ difference mass given by Eq. ([T]) in order to constraint new physics induced 
by the Z' interaction. The ratio between the experimental value and the SM prediction in 
Eq. ([ID is [15] 



1 + 3.57 X lO^e^'^^i' 



Mz 
Mz 



■Bt 



0.894 ±0.243, 



(24) 



with Bf^ the sb component of B^ defined by Eq. (112!) . and 0^" the weak phase. The above 
data constrain the values of the Z' mass and the weak phase assuming different ansatz in the 
texture of the mass matrices of the quarks, as discussed in Sec. 3. For the rotation matrix 
Rd in the down sector, we consider the Fritzsch ansatz {Rp) in Eq. (1181) . the Matsuda- 
Nishihura ansatz (Rmn) in Eq. fl20l) . and the Matsuda ansatz {Rm) in Eq. fl22l) . In order to 
achieve a complete comparison, we also consider the flavor-changing contribution assuming 

that Bf* = \VtbVt*\, with Vtb(ts) the t — b{t — s) component of the CKM matrix, where we 
use the values | = 0.77(4.06 x 10~^) [T8]. We use the notation Rckm for this last case. 
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Figure 1: Allowed regions at Icr CL. of the Z'-mass and the weak phase in models with (a) 
f3 = — 1/\/3 and (b) — \/3 for different ansatz, where Rm is the rotation matrix in the Matsuda ansatz, 
Rmn in the Matsuda-Nishiura ansatz, Rp in the Fritzsch ansatz, and Rckm assuming 



Figs. [T] show plots of the contours at la C.L for both (a) [3 = —1/^/3 and (b) /? = — -\/3 
models, and for each ansatz of the rotation matrix, where we use the following data at the 
Z scale 



Mz = 91.1876 ± 0.0021 GeV; 5^ = 0.23113 ± 0.00033; 
rriuiMz) = 1.38 MeV; maiMz) = 3.05 MeV; m^iMz) = 0.626 GeV; 
m,{Mz) = 58.04 MeV; m;,(M^) = 2.89 GeV; mi(M^) = 171.8 GeV. (25) 

The regions below each curve correspond to excluded points in the Mz' — plane. We can 
also see excluded regions in the center of each curve, as shown in the plots. The minimum 
values for Mz' are found when (pf = 7i/2. In particular, the ansatz Rckm induces the lowest 
bounds with values Mz' ~ 1 TeV, while the Matsuda ansatz Rm leads high values with 
bounds from Mz' ^ 10 TeV for /3 = -1/^3 models, and Mz' ^ 30 TeV for f3 = -y/3. 
Although the flavor-changing contribution is very sensitive to the rotation matrix, we find 
points that overlap regions from different ansatz in the curves of the plots. For example, in 
fig- [l]-(a), we find the same value Mz' = 10 TeV for Rm, Rmn and Rp if = 57r/12, 57r/24 
and 7r/12, respectively. 

The differences exhibited by each curve in the above figures arise from the size of the 
mixing components of the couplings -Bf for each ansatz. In tab. [H we compare the non- 
diagonal components of the left-handed coupling in the down sector. We also compare the 
FCNC contribution for the uc component in the up sector, as shown in the last line from 
Tab. [21 First of all, we observe that the maximum mixing resides in the b — s sector, which is 
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Table 2: Magnitudes of the Left-Handed couplings for different ansatz of the rotation matrix. We 
consider 331 models with (3 = — 1/a/3, and /3 = — a/S. 



about one order of magnitude bigger than other flavor- changing transitions, like for example 
in — f^", — and — systems, which induce the flavor changing transitions 
s ^ d, b ^ d, and u c, respectively. Secondly, the Matsuda ansatz yields the biggest 
couplings, so that in order to control the low energy limits exhibit by Eq. fl24|) . it is necessary 
to impose stronger restrictions to the new physics contribution induced by this ansatz, such 
as seen in figs. [H 

In addition to the low energy differences shown by the plots in the above figures, the 
different sizes of the coupling B£ leads to different predictions of the decay width of the Z' 
boson into quarks. In particular, the flavor-changing width can be written as 



16vrC^ 



+ 



Bf 



(26) 



From Tab. [2] it is evident that the main source of flavor- changing decay is Z' bs, 
with a decay probability of about 80% bigger than others flavor-changing decays. A detailed 
study of FCNC decays is carried out in ref. [22] in the Matsuda ansatz. Other ansatze 
the ones considered here, will yield lower values in the width. 



as 



5 Conclusions 

In the framework of the 3-3-1 models, we have described the contribution to the mass 
difference AMg in Bg meson systems. These models behave as a purely left-handed neutral 
flavor-changing model. Using the recent experimental data and the SM one-loop prediction 
of AMg, we found bounds for the mass of the Z' boson in the Foot-Long- Truan model (FLT) 
and the Pisano-Pleitez-Frampton model (PPF). The lowest values of Mz' are found when 
the weak angle associated to the b — s — Z' coupling is ^f" = 7i/2. By assuming four different 
ansatze in the texture of the mass matrices of the quarks, we obtained plots of the allowed 
regions in the Mz' — 4>l plane. We considered the Fritzsch ansatz (Rp), the Matsuda- 
Nishihura ansatz (Rmn), and the Matsuda ansatz (Rm) for the rotation matrix Rd in the 



down sector. We also assumed another alternative, where 



VtbV*g\. Lower bounds 



from Mz'^ 1 TeV to ^ 10 TeV in the FLT model, and from Mz'^ 2 TeV to ^ 30 TeV in 
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the PPF model are found for each ansatz of the rotation mass matrix. Since the Matsuda 
ansatz leads to the biggest size of the left-handed couplings as shown by tab. [21 this ansatz 
exhibit stronger low energy limits than the other ansatze. Also, the Matsuda texture yields 
a bigger probability of flavor- changing decay for the Z' boson than the other ansatze. 

This work was partially supported by Fundacion Banco de la Repiiblica and by ALFA- 
EC funds through the HELEN programme. F. Ochoa would like to thank F. Schrempp for 
helpful discussions and hospitality at DESY, where part of this work was developed in the 
framework of the HELEN programme. 
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